Purpose The aim of this study is to assess how anti-mullerian hormone (AMH) is used worldwide to test ovarian reserve and guide in vitro fertilization (IVF) cycle management. Methods An internet-based survey was sent electronically to registered IVF providers within the IVF-Worldwide.com network. This survey consisted of nine questions which assessed the clinics' use of AMH. The questionnaire was completed online through the IVF-Worldwide.com website, and quality assurance tools were used to verify that only one survey was completed per clinical IVF center. Results are reported as the proportion of IVF cycles represented by a particular answer choice. Results Survey responses were completed from 796 globally distributed IVF clinics, representing 593,200 IVF cycles worldwide. Sixty percent of the respondent-IVF cycles reported to use AMH as a first line test, and 54 % reported it as the best test for evaluating ovarian reserve. Eighty-nine percent reported that AMH results were extremely relevant or relevant to clinical practice. However in contrast, for predicting live birth rate, 81 % reported age as the best predictor. Conclusions AMH is currently considered a first line test for evaluating ovarian reserve and is considered relevant to clinical practice by the majority of IVF providers.
Introduction
Since the advent of in vitro fertilization (IVF) and the adjunct use of gonadotropins, the need for tests predictive of patient response to controlled ovarian hyperstimulation (COH) has become essential. Currently, a variety of tests can be used to estimate ovarian reserve, or the reproductive potential of the oocytes remaining within the ovary. Ovarian reserve testing modalities include antral follicle count (AFC), ovarian volume, early follicular phase follicle stimulation hormone (FSH) and estradiol (E2) levels, inhibin B, the clomiphene citrate challenge test, and anti-mullerian hormone (AMH) [1] . However, identifying which of these tests are most accurate in predicting the ovarian response to COH and the potential for predicting pregnancy has yet to be definitively established. As a result, practitioners currently rely on a variety of different tests as part of their infertility evaluation and to predict ovarian response to COH [1] [2] [3] .
AMH is one of the most recent tests developed to measure ovarian reserve. AMH is a glycoprotein belonging to the transforming growth factor super family secreted from the granulosa cells of small ovarian follicles [4] . In the developing female human embryo, the absence of AMH allows the mullerian ducts Capsule The majority of respondents from a globally distributed survey representing 796 IVF clinics and 593,200 IVF cycles considered antimullerian hormone as a first line metric for evaluating ovarian reserve and managing ovarian hyperstimulation protocols for IVF.
to differentiate into the upper portion of the vagina, cervix, uterus, and fallopian tubes [5] . However, as early as 36 weeks gestation, female fetuses begin producing AMH, which steadily increases in production until follicles reach the antral phase [6] . Following an incremental increase in AMH levels throughout a women's reproductive time span, there is a steady decline in levels until it becomes undetectable, which correlates with the onset of menopause [7] . This rise and fall of the AMH level corresponds with the number of oocytes remaining in the ovary [8] .
Given that AMH represents the pool of oocytes remaining in the ovary, as a metric, it results in both consistent inter-and intra-menstrual cycle measurements [9] . Numerous studies have attempted to establish the efficacy of AMH in the fertility evaluation and treatment with measures of sensitivity, specificity, and predictive values. In a recent committee opinion, the American Society for Reproductive Medicine (ASRM) concluded that AMH is useful for assessing ovarian reserve in the general IVF patient population and for those patients at risk for decreased ovarian reserve. Additionally, ASRM and the European Society of Human Reproduction and Embryology (ESHRE) state in a Bbest practices^publication that AFC and AMH appear to have the best sensitivity and specificity for measuring poor ovarian response to COH [3, 10, 11] . Given the large constituency that ASRM and ESHRE address, these committee opinions likely reflect an increase in interest and routine use of AMH by IVF providers.
Although committee opinions from major organizations support the routine use of AMH, it is unclear what proportion of IVF providers in the world are using AMH and how it is currently used to guide IVF cycle management in relation to other measures of ovarian reserve. No prior studies have attempted to assess IVF providers' perceptions and practice patterns with regard to the use of AMH on a global level. Only two previously published studies [12, 13] have attempted to assess how IVF providers use tests to manage IVF cycles and assess ovarian reserve; however, these studies used a small sample size of IVF providers, were not globally distributed, and likely do not reflect the current use of AMH given the time lapse since they were published. Currently, there is a paucity of data regarding how AMH is currently used by IVF practitioners.
The objective of this study is to use a web-based survey from a large global distribution of IVF providers within the IVF-Worldwide.com network to provide insight into how AMH is currently applied to IVF cycle management and the measure of ovarian reserve.
Materials and methods

Survey content
The authors developed a 14-item questionnaire which collected the demographics of the responding provider's clinic (5 questions) and assessed the clinical applications of AMH (9 questions) to IVF cycle management and the evaluation of ovarian reserve. Table 1 lists the clinical AMH questions  and results. For each question, multiple choice answers were provided from which only a single answer could be selected. This webbased questionnaire was made available on the IVFWorldwide website from August 2014 to September 2014. All registered members of the IVF-Worldwide network were invited by an e-mail message to participate in completing the survey. The survey contained a demographic section which collected the name of the IVF clinic, the name of the clinic's medical director, e-mail address, country, and the number of IVF cycles completed at the clinic in the most recent year. The medical section of the survey evaluated the practice patterns and opinions of respondents with a series of multiple choice questions, presented in Table 1 and discussed within the results section.
Quality assurance methods used
In order to minimize duplicate reports from a clinic and possible data errors, four demographic parameters were used to crosscheck the demographic information submitted by the survey respondent with the existing registration information for that clinic on the IVF-Worldwide website. These parameters included the name of the clinic, the name of the clinic director, country, and e-mail address. If at least three of these parameters matched the information previously registered through the IVF-Worldwide website, then the results from the reporting site were included in the statistical analyses.
Statistical analyses
The analysis was based on the number of IVF cycles reported by the unit and not on the number of clinics in the study. For each question, the survey provided multiple choices from which only a single answer could be chosen (Bradio buttons^). The results of the multiple choice questions are reported as both the proportion of the total number of IVF cycles represented by that particular answer choice (respondent-IVF cycles) and as the proportion of clinics which selected that answer choice (Table 1 ) [14] .
Results
Completed electronic survey forms were received from 796 IVF clinics which performed a total of 593,200 IVF cycles annually, from 96 countries representing all 5 continents. The crude response rate to the electronically sent invitation for survey completion was 21 % of the 3764 clinics registered to the IVF-Worldwide website network. The geographic location and the percent contribution to the total survey response was divided into 6 world regions: USA and Canada (64,800 cycles [ The majority of respondent-IVF cycles (86 %; 510,152 cycles) reported that they would stimulate patients based on the AMH levels. However, when asked what single test is best for choosing a gonadotropin dose, AFC was selected over AMH, 44 % (261,008 cycles) versus 32 % (189,824 cycles) respectively. Finally, respondents were asked how best to use AMH, and the majority (73 %; 433,036 cycles) reported to use it to predict both low and high ovarian reserve.
As resource availability and practice patterns may vary between socio-geographic areas of the world, the above listed survey responses were also separated into the six different geographic areas: USA/Canada, South America, Australia and New Zealand, Asia, Europe, and Africa (Table 2) . When asked if AMH is considered a first line test, 91 % of respondent-IVF cycles from Australia/New Zealand reported yes and only 32 and 34 % reported yes from Asia and Africa respectively (Fig. 3) . Similarly, only 16 and 13 % of respondent-IVF cycles from Africa and Asia would choose AMH for assigning gonadotropin dosages above other ovarian reserve test choices (age, FSH, AFC) as compared to 72 % in Australia/New Zealand. Finally, the question with the highest similarity between geographic regions was the low selection for BAMH is the best predictor of ongoing pregnancy rates^with a range from 2.4 to 4.6 %, demonstrating that all regions essentially agreed that AMH was not the best predictor of ongoing pregnancy rates ( Table 2) .
Discussion
This report represents the largest, most globally distributed survey of IVF providers evaluating the use of AMH and its application to IVF. Currently, IVF providers have multiple tests for evaluating ovarian reserve and estimating the potential response to COH. Based on our survey results, AMH appears to be a highly valued test with an important role in both evaluating ovarian reserve and attempting to predict ovarian response to stimulation with 60 % of respondent-IVF cycles reporting it as a first line test and 51 % reporting that it is the best test for evaluating ovarian reserve. As compared to our study, previously conducted studies examining the use of AMH by IVF providers were considerably smaller. In 2008, Maheshwari et al. reported on survey results from 72 IVF providers within the UK's National Health Service with the goal of ascertaining how IVF was offered to women of advanced maternal age and how ovarian reserve was assessed [13] . They identified that 95 % of clinics used baseline FSH to evaluate ovarian reserve and only 4.5 % used AMH. Of note, this study's data was collected from 2006 to 2007, and clinical practice patterns within the IVF community continually change. Given the time lapse from 2006 until 2014 (the year of our study), this study likely does not accurately reflect the current use of AMH within the UK. In our study, when the data for just the UK is reviewed, which includes 37 IVF centers and represents 37,000 IVF cycles A second study with aims similar to our study, published in 2010 by Van Voorhis et al., surveyed clinics within the USA with the highest reported IVF live birth rates to assess for specific practice patterns that contributed to the IVF success. They identified specific practices common to high-performing clinics which included ovarian reserve screening for all patients and the use of cycle day 3 FSH and AFC. With specific regard to AMH, they reported that only 30 % of highperforming clinics used AMH to measure ovarian reserve [12] . In contrast, when the data collected in our study from the USA is separated, representing 104 centers and 52,500 IVF cycles, 82 % of centers reported AMH has a first line test of ovarian reserve. The discrepancies between the findings from our study and the data published by Maheshwari In review of the most recent literature, we sought to identify evidence that could potentially underlie the respondents' opinions. In our study, 75 % of respondent-IVF cycles reported testing all IVF patients for ovarian reserve. However, it remains unanswered whether all patients require ovarian reserve testing prior to IVF. Although fertility predictably declines with age, the outcomes of infertility treatment vary greatly among patients within the same age cohorts. Ovarian reserve testing may assist IVF providers in identifying those patients at risk for suboptimal outcomes and provide information to more effectively counsel and select a gonadotropin dose for the patient undergoing COH. However, when ovarian reserve testing is applied broadly, especially to young women, the potential for a false positive result identifying low ovarian reserve increases and lowers the predictive power of the test, and may be misleading [1, 15] . In a recent ASRM committee opinion, the authors concluded that evidence of decreased ovarian reserve does not necessarily equate with inability to conceive, which has a significant amount of literature to support it [15] [16] [17] . However, the ASRM committee opinion does not discourage the broad use of AMH as there is likely benefit and conclude by stating Bthere is insufficient evidence to recommend that any ovarian reserve test now available should be used as a sole criterion for the use of assisted reproductive technologies^ [1] . Additionally, a consensus opinion from ASRM and ESHRE stated that Bovarian reserve testing has moderate accuracy in predicting quantitative responses but low accuracy for qualitative predictions, unless very high thresholds are used^ [3] . At this juncture, no definitive statement that all IVF patients should undergo ovarian reserve testing has been made from the two largest reproductive societies in the world.
When the respondents were asked if AMH is considered a first line test and if they believed AMH was the best test for evaluating ovarian reserve, the response was 60 and 51 % respectively. Within the literature, multiple analyses comparing the various ovarian reserve tests have been completed investigating outcomes. Again, no clear consensus was reached [16, 18] ; however, AMH and AFC appear to be favored within the literature [18] [19] [20] . Prior researchers have attempted to address the precision, accuracy, and predictive value of AMH in addressing those outcomes, comparing AMH both individually and in combination with other tests. In the past, the use of early follicular FSH serum levels was considered the gold standard for assessing ovarian reserve; however, multiple other metrics have since emerged with robust studies supporting their use. Using baseline FSH levels, linear correlations demonstrate that rising FSH values correspond with decreasing AMH values; however, predictive superiority for actual IVF outcomes has yet to be coordinated [21] . When a single marker is selected, AMH appears to outperform other markers of poor ovarian reserve in predicting oocytes retrieved and the number of canceled cycles [20] ; however, findings throughout the literature are mixed [22] . This is especially seen with analyzing pregnancy rates and live births. In several series, AMH levels are associated with live births [18, 23] ; however, in others, no association was identified [24] . In a recent 2015 meta-analysis conducted by Tal et al., 19 studies were analyzed by specific subpopulations comparing the predictive value of AMH with implantation and pregnancy rates, and they concluded that AMH has some association, but its predictive value is weak [25] . In another recent meta-analysis, which included 13 studies, they also conclude that AMH does have some association with predicting live birth; however, its predictive accuracy is poor with low calculated diagnostic odds ratios [26] .
Despite the confounding results identified within the literature regarding the predictive value for pregnancy outcomes, AMH as a measure of ovarian reserve is generally reported as uniformly accurate. However, the hesitance to fully adopt AMH into clinical practice demonstrated by our study may have a historical basis based on the development of the AMH assays integrated into clinical use [27] . Confounding the clinical use and study of AMH from 2002 to 2010 was the availability of different commercial assays, which resulted in substantially different quantitative values [28, 29] . Prior to 2011, the two different tests available were the Diagnostic Systems Lab (DSL) and the Immunotech (IOT) AMH assays. The use of two different assays created challenges to the readership of the infertility literature in applying the findings from the studies. One challenge has been that the IOT assays produced AMH concentrations up to 40 % higher than DSL, making interpretation of the absolute values difficult [28, 30] . Studies that produced cut-off values and nomograms must be scrutinized for the assay used prior to applying the information, regardless of how compelling the data appears, to the reader's own clinical situation [1, 31] . Currently, the above listed labs DSL and IOT have been acquired by Beckman Coulter, and a single patented assay for testing AMH (AMH Gen II) is now available. Since approximately 2011, studies reporting on AMH values should be measured by the AMH Gen II assay and thus lead to an improvement in the homogeneity of the AMH literature. However, when reviewing an AMH study published since 2011, the generation of the assay should be specifically noted by the authors and the reader should be aware of the assay used by their clinical laboratory prior to attempting to apply AMH values derived from the published literature. Nelson and La Marca provide in great detail an excellent review on the previously used AMH assays the new generation of AMH assay and its implications on future clinical applications and research using AMH [29] .
The relevance of this data set is the insight it provides to fertility providers regarding the prevalence and influence of AMH on infertility treatment patterns on a global, diversely distributed population of IVF providers. As listed above, the predictive value of AMH on IVF outcomes is still yet to be definitively established and multiple reviews addressing the use of AMH have outlined both actual and theoretical shortcomings of its application to fertility treatments. With newer, more reliable AMH assays available, the need for relevant nomograms and cut-off values related to treatment outcomes should be forthcoming, but currently are still lacking. Given that the exact role of AMH has yet to be definitively established, our data provides an interesting perspective that despite the potential shortcomings of AMH and the current evolution of the assays used, it is still considered a first line test of ovarian reserve and is reported by the majority of respondents to have significant direct value in the management of IVF cycles.
Despite the encouraging recent reports of AMH use and the widespread use demonstrated by our study, providers must be cognoscente of the limitations; especially if it is used as the primary test to evaluate ovarian reserve. First, the AMH values produced by the specific assay should be considered unique to the laboratory completing the assay. As discussed above, Gen II AMH assays should be used making comparing values obtained with current literature more relevant. However, even with the same Gen II assay, a wide range of average values were still reported by Zuvela et al. [32] . One of the principle concerns is the effects of storage conditions varying from laboratory to laboratory resulted in the variation. Additionally, caution must be used if results from a single ovarian reserve marker will lead to specific, definitive IVF treatment alteration. This is especially important that IVF providers use caution to not deny patients autologous oocyte use based on a single AMH value. AMH has demonstrated benefits with assigning gonadotropin dosing, avoiding cycle cancelation and OHSS. The predictive value relating live birth rates with AMH levels has resulted in varying levels of association depending on the study.
Although our study represents the largest of its kind todate, a specific weakness with this study is the potential for respondent bias or incorrectly classifying their clinical IVF volume and/or clinical practice patterns. As with all survey data, selection and reporter bias must be considered when reviewing the results. Additionally, as these findings represent the opinions of IVF providers, our findings do not necessarily represent best clinical practices or evidence-based medicine. As outlined above, we attempted to verify if the findings of the majority of respondents correlated with evidence from the literature; however, providers must use their own interpretation of the literature, professional committee guidelines, and their own IVF centers' capabilities to guide patient care. Future studies of interests could potentially query respondents regarding how specific values of AMH guide decision making in the management of fertility care. Specific values were not elicited in this study due to the absence of data within the literature that would establish the utility of specific values. Once more definitive data demonstrating the value of specific AMH levels is available, querying IVF providers regarding how they integrate these values will be insightful.
In conclusion, this study provides insight into the use of AMH and its value relative to other metrics of ovarian reserve from a very large population of IVF providers. At this time, it appears that the vast majority of IVF providers is using AMH regularly in clinical practice and place a high value on its ability to evaluate ovarian reserve and its predictive abilities for COH.
